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We have measured the polarization of A" and A" inclusively produced by 610GeV/c E~ and 
525 GeV/c proton beams in the experiment SELEX during the 1996/7 fixed target run at Fermilab. 
The polarization was measured as a function of the A longitudinal momentum fraction xf and 
transverse momentum pt. For the A" produced by E~ the polarization is increasing with xf, from 
slightly negative at a;_F ~ to about 15% at large xf', it shows a non-monotonic behavior as a 
function of pt. For the proton beam, the A*^ polarization is negative and decreasing as a function of 
XF and pt. The A'' polarization is compatible with for both beam particles over the full kinematic 
range. The target dependence was examined but no statistically significant difference was found. 
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I. INTRODUCTION 

A large number of theoretical models have been con- 
structed over the years since it was first observed that in- 
clusively produced hyperons are polarized. These models 
have met with varying degrees of success, but it is clear 
that more data and theoretical work are needed to clar- 
ify the picture. A review of the current status is found 
in [H, [2, 0, 0| ■ A polarization is well studied with apro- 
ton beam, both in inclusive 0] and exclusive [1, 0, [1| 
reactions. For E~ beam, only the WA89 experiment at 
CERN reports polarization measurements for A° and A" 
as function of pt for one average value of xp "o"] , and for 
A° as function of both pt and xp 10]. In the latter case 
the polarization is negative for small xp^ incrementing 
to positive values with xp, but with a non-monotonic 
behavior as a function of pt for different values of a;^?. 

In this study we exploit the capabilities of the SELEX 
apparatus to measure the polarization of A" and A*^ in- 
clusively produced by S" and proton beams. The goal 
is to measure the polarizations as functions of a;^ and 
Pt with higher beam momenta as the earlier WA89 mea- 
surement, using a different analysis method presenting 
different systematics, and extending the A*^ polarization 
measurements to several values in xp; in addition, we 
add as a cross check the measurements with proton beam 
within the same experiment. 

The SELEX (E781) experiment at Fermilab is a fixed 
target experiment designed primarily for high statistics 
studies of charmed baryons produced by a charged hy- 
peron beam incident on a segmented copper/carbon tar- 
get. However, the versatility of the apparatus allowed 
for the study of other reactions [llj in the same target. 
In this work we study the polarization of inclusively pro- 
duced A" and A". More specifically we determine the po- 
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FIG. 1: Experimental apparatus for this analysis (not to 
scale). 



larization and its xp and pt dependence. We follow the 
Basel Convention [I4I for the sign of the polarization. 



II. EXPERIMENT 

The charged hyperon beam, which we use as a primary 
beam for A production, was obtained in the Fermilab pro- 
ton center beamline by steering 800 GeV/c protons from 
the Tevatron onto a 1 mm x 2 mm x 40 cm beryllium target 
located at the entrance of a 7.3 m, 3.5 T hyperon mag- 
net [1^ . A curved channel in this magnet selected a beam 
of negative (positive) particles with a mean momentum 
of 610GeV/c (520GeV/c) and a spread of Ap/p « 8% 
HWHM. The negative beam consisted of approximately 
equal parts S~ and tt" with a small admixture of S~ and 
K~, while the positive beam contained about 92% pro- 
tons, in a total of 6 x 10^ beam particles per second. The 
targeting angle was set to zero degrees, thereby insuring 
an unpolarized incident beam. 

The portion of the experimental setup relevant to this 
analysis, which is shown in Fig. [U consisted of a beam 
spectrometer, a vertexing region and two downstream 
spectrometers (Ml and M2). The beam spectrometer 
included the hyperon magnet, beam transition radia- 
tion detectors (BTRD) and beam silicon strip detectors 
(BSSD). The vertex region consisted of five segmented 
targets (2 Cu, 3 C each separated by 1.5 cm - altogether 
5 % of an interaction length) and 20 planes of vertex sil- 
icon strip detectors (VSSD), which resolved the interac- 
tion vertex and secondary vertices. For VSSD tracks, the 
transverse position resolution was 4 /im at 600 GeV/c. 
The Ml spectrometer was a wide angle spectrometer, 
designed to analyze particles with momenta between 
~ 2.5 and ^ 15 GeV/c. This spectrometer contained the 
Ml magnet {Apt — 0.74GeV/c), large angle silicon strip 
detectors (LASD), and proportional multi-wire chambers 
(PWC). The second spectrometer (M2), downstream of 
Ml, analyzed particles with momenta > 15GeV/c. Its 
components were the M2 magnet (Apt = 0.845 GeV/c), 
LASD, PWC, and a ring- imaging Cherenkov (RICH) de- 
tector [l3| used for particle identification, which provided 
tt/p separation up to 330GeV/c. A hardware trigger 
and software filter were used in SELEX to select the 
secondary interactions. The hardware trigger consisted 
of the beam, veto and hodoscope scintillation counters. 
The first level synchronized the trigger to beam parti- 
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TABLE I; Number of A°, AO and ifg for the different beams. 
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FIG. 2: Invariant mass distributions for ptt~ (left) and pn^ 
(right) for S~ (top) and proton (bottom) beams. The signal 
and sideband regions are indicated. 



cles. The second level selected events where the BTRD 
determined the beam particle was most likely a heavy 
particles (S" or proton), with an additional refined def- 
inition in the analysis stage. The beam interacted in 
one of the five targets, and more than 3 charged tracks 
were observed downstream of the target region of which 
at least 2 were positive tracks with momentum greater 
than ^ 15 GeV/c. Triggered events accounted for 30 % 
of interactions. A software filter looked for evidence of a 
secondary vertex and a reconstructed primary vertex us- 
ing high momentum (> 15GeV/c) tracks. The software 
filter further reduced the data set by a factor of 8. A 
sample of unfiltered data was always recorded for filter 
performance and systematic error analysis. 



III. DATA ANALYSIS 

The A" — > pTT~ (A" ^ p7r+) candidates were selected 
by requiring oppositely charge track pairs to form a ver- 
tex at least 5 a downstream of the primary vertex, where 
a is the combined error of the z-coordinates of the pri- 
mary and secondary vertex, and upstream of the first 
VSSD plane. The positive (negative) track was required 
to be identified by the RICH as a proton candidate. In 
Fig. [2] we show the invariant mass distributions of these 
pTT~ andpTT"*" candidates, and in table|T]we summarize the 
available statistics. The Kg tt+tt" decays are also 
included to be able to cross check the analysis procedure. 

The polarization analysis consisted of extracting the 
polarization P from a fit to the proton decay distribution 



Beam Particle 


<p> 




# A" 


# A-g 


E" 


611 GeV/c 


1,360,000 


112,000 


4,698,000 


P 


525 GeV/c 


162,000 


35,700 


752,000 



in the A rest frame: 



dN„ 



dcos 9 



(X A{cos 9, XF,Pt)[i + oiaP cos 9] (1) 



where the y-axis is normal to the production plane (de- 
fined by the vector of the incoming beam particle and 
the outgoing A), the z-axis is the direction of the A 
line-of-flight, and the a;-axis completes the orthogonal 
triad. A'mcas is the number of events, 9 is the angle be- 
tween the proton line of flight and the coordinate axes, 
ckA — 0.642 ±0.013 is the asymmetry parameter [31, and 
A is the acceptance function. By parity conservation in 
the production process, the only polarization allowed is 
along the y-axis. Clearly, no polarization should be mea- 
sured along the x or z direction. 

Apparatus (or false) asymmetries are present along all 
axes. The false asymmetries can be removed by using a 
bias canceling technique, or by modeling the acceptance 
function A with Monte Carlo simulations. Bias canceling 
requires a subdivision of the available statistics, while the 
Monte Carlo simulation requires a good understanding of 
the apparatus and extensive computing time. Due to the 
overall low statistics compared to other measurements we 
present here results obtained [l^ with the latter; how- 
ever, with the bias canceling technique we obtained com- 
patible results [l3| ■ The analysis methods were validated 
by a non-observation of polarization in the forbidden pro- 
jections, by analyzing the Kg with the same programs, 
and by Monte Carlo simulation via re-obtaining a known 
polarization. 

To obtain the polarization of A° produced by a S~ 
beam, we divided the data into 100 bins, 10 each in 
0.0 < XF < 1.0, and in 0.0 GeV/c < pt < 2.0GeV/c. 
The dependence of the acceptance function A on xp and 
Pt can be neglected within one bin, and only the depen- 
dence on cos 9 has to be taken into account. For each 
[xFjPt] bin a two-dimensional histogram of the cosine of 
the angle versus the invariant mass of the p'K~ is filled 
and the dNyncs^s / d cos 9 distribution is obtained via side- 
band subtraction (see also Fig. [2]). To correct for the 
acceptance, we obtain the same distribution from Monte 
Carlo simulation (we verified that the acceptance is in- 
dependent of an initial polarization of the Monte Carlo 
sample), and correct for the acceptance in each [xf,?)^] 
bin separately. A straight line fit is performed to the final 
distribution, and the polarization is extracted according 
to equation [TJ 

For the lower statistics sample of A^ and the proton 
beam data, it was not possible to subdivide the avail- 
able data as before. Only measurements as a function 
oi xp and p^, averaging over the other variable, could 
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TABLE II: Polarization (in %) of A" inclusively produced by E as a function of a;F and pt- The same information is shown 
in figures [3] and |4] 



Xf 


0.1 


0.3 


0.5 


[ GeV/c ] 

0.7 


0.9 


1.1 


0.15 


1.3 ±1.7 


-0.5 ± 1.2 


-3.5 ± 1.1 


1.9 ± 1.2 


0.4 ± 1.5 


-1.6 ± 1.9 


0.25 


0.4 ±2.0 


-0.4 ± 1.4 


1.0 ± 1.4 


0.2 ± 1.6 


-1.0 ± 1.9 


-0.8 ±2.6 


0.35 


3.5 ±2.6 


-0.6 ± 1.8 


1.7 ± 1.8 


7.5 ± 1.9 


4.7 ±2.4 


0.7 ±3.3 


0.45 


2.6 ±3.4 


8.1 ± 2.3 


9.9 ±2.3 


6.4 ±2.5 


6.6 ±3.0 


10.8 ±4.2 


0.55 


5.4 ± 5.2 


5.4 ±3.3 


10.5 ±3.2 


12.6 ±3.4 


10.0 ±4.2 


6.3 ±5.7 


0.65 


7.0 ± 7.7 


5.4 ±4.7 


22.6 ±4.7 


16.4 ±5.4 


11.2 ± 6.4 


21.4 ±8.8 


0.75 


-8.5 ±10.3 


11.8 ±7.3 


13.6 ±7.5 


13.0 ±9.3 


-9± 13 


5± 17 


0.85 


25 ± 19 


16± 14 


11 ± 16 


41 ± 22 


10 ±25 


56 ±53 



be performed. As described above, a two-dimensional 
histogram was filled, but this time with a weight factor 
obtained from an acceptance model which takes into ac- 
count the xp, Pt as well as the primary interaction target 
dependence of the acceptance [18| . 



IV. SYSTEMATIC CHECKS 



We performed several systematic checks to verify our 
analysis method, including the algorithm as well as the 
acceptance model. We analysed simulated samples of 
known polarization, and always re-obtained the correct 
result. We observed asymmetries in forbidden projec- 
tions compatible with 0. We also measured the asym- 
metry of — > 7r"'"7r~ decays which again is compatible 
with over the full kinematic range as shown in the last 
columns of tables IIIII and IIVI 



Other systematics checks included harder cuts on the 
separation between primary vertex and A decay vertex, 
requiring that also the pion track reaches the M2 spec- 
trometer, and that the pion is identified with the RICH 
detector. We always obtained, within the statistical er- 
rors, the same results for all polarizations. For these 
reasons we only quote statistical errors on all our mea- 
surements. 
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FIG. 3: Polarization of A inclusively produced by S as a 
function of xf for different pt values. Also shown are data 
from ref. O. The SELEX data points are also given in ta- 
ble HI 



V. RESULTS 

In Figs.[3]and[ll as well as in tablelTTlwe present our re- 
sults for the A*^ polarization with a beam as function 
oi Xp and pt . 

Figure [5] shows the polarization of A° and A" produced 
by Ti~ and protons. Due to the lower statistics avail- 
able, only the distributions for an average value oi xp 
and Pt are shown. The same information is presented in 
tables Im] and lYl 



VI. DISCUSSION AND CONCLUSIONS 

For the inclusive production of A" by a S~ beam, our 
results confirm the WA89 ^,1^ measurements (obtained 
via the bias canceling method) of a generally positive po- 
larization, increasing with xp^ as shown in Fig. [3] and 3] 
At small Pt and Xf the polarization is almost 0, and in 
general the dependence on pt is non-monotonic for differ- 
ent bins of Xi?, increasing and decreasing after reaching 
some maximum value. Comparing to the earlier, lower- 
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TABLE III: Polarization (in %) of A" and A" produced by E and protons, as function of pt, averaged over xp. The same 
information is presented graphically in Fig. [5] (left). Also shown are the asymmetry values measured for the 
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n 1 _|_ n 4 


0.3 


-2.9 ± 1.9 


-1.0 ±3.9 


2.8 ± 2.8 


2.7 ±0.6 


0.6 ±0.3 


0.5 


-6.6 ± 1.8 


-7.3 ±3.6 


2.5 ± 2.4 


4.0 ±0.6 


-0.1 ±0.3 


0.7 


-3.7 ±2.0 


-6.0 ±3.9 


-0.9 ±2.6 


5.7 ±0.7 


0.3 ±0.4 


0.9 


-5.9 ±2.6 


0.8 ±5.4 


-1.5 ±3.3 


1.4 ±0.9 


0.6 ±0.5 


1.1 


-12.4 ±3.7 


15.8 ±8.2 


0.7 ±4.9 


4.2 ± 1.2 


-1.0 ±0.7 


1.3 


-9.2 ±5.4 


14.3 ± 13.3 


0.4 ± 7.2 


-0.3 ± 1.7 


0.3 ±1.0 


1.5 
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1.7 
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1.9 








1.9 ±5.8 


-2.8 ±3.5 



TABLE IV; Polarization (in %) of A° and A*^ produced by E and protons, as function of xf, averaged over pt- The same 
information is presented graphically in Fig. [5] (right). Also shown are the asymmetry values measured for the K^^. 



<pt> 


pN A'-'X 


pN A"X 


E-Af ^ AOX 


E-N ^ A"X 


E-N ^ K%X 


Xp 


0.59GeV/c 


0.60 GeV/c 


0.63 GeV/c 


0.57GcV/c 


Asymmetry 


0.05 








0.6 ±0.6 


0.4 ±0.2 


0.15 


-3.8 ±1.5 


-3.3 ± 3.0 


1.7 ±2.2 


-0.2 ±0.5 


0.0 ±0.3 


0.25 


-6.4 ±2.1 


-0.7 ±6.4 


-5.4 ±4.3 


-1.0 ±0.7 


-0.3 ±0.5 


0.35 


-7.2 ±3.1 


42± 15 


0± 14 


3.3 ±0.8 


-0.4 ± 1.0 


0.45 


-1.7 ±4.4 


-23 ± 36 


-29 ± 50 


7.8 ± 1.1 


1.4 ±2.3 


0.55 


-5.0 ±6.3 




25 ±61 


7.2 ± 1.6 


-4.4 ±5.2 


0.65 


-7.3 ±9.2 






14.2 ± 2.4 


7± 14 


0.75 








10.1 ±3.9 


48 ±46 


0.85 








16.9 ±8.2 




0.95 








-15 ±30 





statistics WA89 9] result with the dependence on pt for 
<xf>= 0.30 (Fig. El upper left and table HIT)) , we ob- 
serve small polarization values confirming the previous 
measurement. The authors of attribute the non- 
monotonic behavior of the polarization as function of pt 
and Xp to different production mechanism in different 
kinematic regimes. We also examined the target depen- 
dence, but no difference was found. 

For the polarization for A*^ produced by a proton 
beam as a function of pt , our results coincide with the 
higher statistics, but lower beam momentum, results 
from E008 0. In Fig. [5] (upper right) and table HV] we 
also present polarization results as a function oi xp and 
compare them to our S~ data. 

The A*^ polarization is compatible with 0, for and 
proton beams for all pt values measured, as obtained 
in [E 0- In addition we present also the polarization 
as function oi xp (Fig. [5] (lower right) and table lIVp . 

In conclusion, we measured the polarization of inclu- 
sively produced A*' with a E~ beam, and confirming the 
WA89 results with a different analysis method and higher 
beam momentum. We do not observe any polarization 
of the AO at ft < 1.3GeV/c and xp < 0.55. The A" po- 
larization with a proton beam is compatible with earlier 
results. 
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FIG. 5: Polarization of A" (top) and (bottom) produced by 
S~ and protons, as function of pt (left) and xf (right). Also 
shown are data from Refs. The SELEX data points are 

also given in tables Hill and HVl 



FIG. 4: Polarization of A'' inclusively produced by S as a 
function of pt for different xf values. Also shown are data 
from ref. [10|]. The SELEX data points are also given in ta- 
ble HI 
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